Background: Two previous reviews found that access-enhancing interventions were effective in increasing mammography uptake amongst low-income women. The purpose of this study was to estimate the magnitude of the effect of interventions used to increase uptake of mammography amongst low-income women.
Introduction
Breast cancer is the most common female cancer in developed countries [1] . There is a substantial body of evidence that shows the earlier breast cancer is detected the greater the chance of survival [2, 3] . In the EUROCARE-4 (1995-1999) study [4] , 5-year relative survival varied between 23 European countries, ranging from 69.2% in the Czech Republic to 88.0% in Iceland, with the figure for the UK close to the mean at 77%. A main determinant of low survival in breast cancer is advanced stage at diagnosis [5] . Mammography is widely accepted as a useful and feasible way of detecting early malignancies; although there are ongoing discussions regarding the effectiveness of mammographic screening, relating to false positive rates and over-diagnosis [3, 6] . We have recently demonstrated that about two thirds of the inequalities in 5-year breast cancer survival in South West England are attributable to non-attendance at screening [7] .
The potential impact of increasing screening attendance on inequalities in breast cancer outcomes is therefore considerable.
Recent studies have shown that the rates of mammography utilisation have steadily been increasing [8] . However, women from ethnic minorities, older women and women of low-income in the UK [9] and the US [10] [11] [12] are less likely to attend mammography.
Although interventions to increase attendance at mammography have been evaluated [13] , the increases do not always occur equally. Women with historically low rates of screening do not necessarily benefit from interventions offered on a population level; indeed, if interventions work better in improving attendance amongst higher income women there is a risk that those interventions could increase inequalities [14] .
The aim of this study was to synthesise recent randomised controlled trials (RCTs) which aimed to increase mammography amongst women of low-income. A previous systematic review and meta-analysis [15] found that access-enhancing interventions were the most effective. Another systematic review [16] concluded that interventions which used peer educators, or were access-enhancing or which used multi-component strategies were effective in increasing mammography amongst low-income women. This review is intended to update these publications with more rigorous methodology, including meta-analyses, exploration of sources of heterogeneity and quality assessment. The specific objectives are to synthesise the recent efforts to increase uptake of mammography amongst low-income women and to try to identify which intervention characteristics contributed to how effective they were.
Methods
We undertook a systematic review of the published literature, using methods following the PRISMA statement [17] .
Search strategy
A search strategy using text and exploded MeSH terms (Table s1 ) was developed by two authors. Using this, searches of MEDLINE and EMBASE for articles published from 2002 to April 2012 were performed. An additional hand search was performed of the bibliographies of relevant studies identified from the computerised search. We also contacted the author of a conference publication to ascertain if the study had been published in a peer reviewed journal.
Inclusion criteria
To be included a study had to a) state that the study aimed to increase mammography use in an asymptomatic low-income population b) have as an outcome receipt of mammogram (rather than intention to attend mammography) either by self-report or medical records and c) be a RCT published in full. No language restriction was applied to the search. Studies which tested single or multiple interventions were included. If the target population was chosen based on ethnicity then we checked the income data in the paper and included the study if the participants were from a lowincome population. If there was no income data then we excluded the study. We excluded studies where randomisation was on a county or area level but included those randomised on small group level, e.g. church. Titles and abstracts and if necessary, full text articles were independently reviewed by two authors (MG, MJ). In cases of uncertainty, eligibility was decided through discussion. A protocol does not exist for the systematic review.
Data extraction
Data extraction tables were developed and modified following discussions between two reviewers prior to extraction of data. Relevant participant, intervention, control and outcome data were extracted, see Tables 1a and 1b . When more than one length of follow-up was extracted per study, the longer follow-up length was included in the analysis. Data extraction was performed by two reviewers and differences were resolved through discussion. Interventions were classified as 'simple' (e.g. a letter, phone call, video, computer-assisted instruction, print media (including tailored magazines) or access to free mammography); 'face to face' (e.g. an education session or home visit) or 'multiple' (multicomponent interventions e.g. phone call and letter). Time lag was defined as the time from the end of the intervention to the date of publication. The primary outcome was defined as the difference in the proportion of women who had had a mammogram by the end of the follow-up period between the intervention and control group (Table 2) .
Statistical analysis
Due to the expected heterogeneity in the effect of interventions, we performed random effects meta-analyses [18] . We investigated between study heterogeneity using I 2 statistics [19] ; values of ,25%, 25-75% and .75% represent low, medium and high heterogeneity respectively. We examined potential sources of heterogeneity, including intervention type (simple, face to face or multiple), length of follow-up, outcome source (self-reported or medical records), study quality, time lag and location (urban or rural) by sub-group analyses and meta-regression [20] , for which we used post-estimation Wald tests to obtain F ratios and p values.
Study quality was assessed independently by two reviewers using the Cochrane risk of bias tool [21] ; discrepancies were resolved by consensus. Our assessment was based on four of the six criteria: random sequence generation; allocation concealment; blinding of trial personnel or outcome assessors and incomplete outcome data. Blinding of subjects was not assessed, as this would not be feasible in studies of behavioural interventions. Selective outcome reporting was not assessed since the majority of studies would likely fall into the unclear category due to the lack of availability of study protocols. Other potential sources of bias on each study were also identified. For each criterion, studies were assessed as being at high, low or unclear risk of bias. We included the three most important domains (random sequence generation, allocation concealment and incomplete outcome data) as covariates in the meta-regression. We used funnel plots to assess publication bias and tested the symmetry of the funnel plots using Egger's test [21, 22] .
We undertook a series of sensitivity analyses. We repeated the analyses having omitted one very large study (two comparisons) [23] and the one non-US based study [24] . We also repeated the analyses having omitted the studies with a high risk of bias for at least one of the key quality domains (a priori).
Results
The search identified 315 studies. Two hundred and fifty eight studies were excluded from their title and abstract, as they were not relevant to the review. Following assessment of full text articles, 36 were excluded (see Figure 1 for details) and 21 studies (33 comparisons) were included in our meta-analyses.
The characteristics of the included studies are detailed in Tables 1 and 2 . In seven studies, ethnicity was used as an inclusion criteria, all were solely African-American women [25] [26] [27] [28] [29] [30] [31] . Ethnicity was reported in a further 11 studies, see Table 2 .
The post-intervention risk differences (expressed as a percentage) between intervention and control ranged from 28% (95% CI 214% to 21%; Table 3 ) [32] , i.e. fewer women in the intervention received mammography compared to the control group, where the intervention was a personalised tailored letter, to 64% (95% CI 56% to 72%; Table 3 ) [24] where the intervention was a multi-component strategy including mail, phone call and a home visit. This most effective intervention was the study from Chile [24] and the treatment received by the control group was a combination of usual and opportunistic care. In the study where the control was more effective than the intervention, the treatment received by the control group was a pamphlet [32] .
The overall pooled analysis showed that interventions increased the uptake of mammography in low-income women by a difference of 8.9% (CI 7.3 to 10.4%) compared with women in the control group (Table 4; Figure 2 ). There was evidence of substantial heterogeneity in meta-analysis of association between intervention and mammography uptake (I 2 = 96.2%, p,0.001). Sub-group analyses are shown in Table 4 . There was weak evidence that that the association between intervention and mammography uptake varied by intervention type (F ratio = 3.00, p = 0.06; Table 4 ; Figure 3 ). The association was stronger for multi-component compared with simple interventions. This effect was driven by the largest effect of intervention in the multiple group (F = 5.06, p = 0.03; comparing multiple to simple intervention). There was weak evidence to suggest that the effect of the intervention was stronger in studies with a shorter length of followup (#6 months) ( Figure s1A in File S1). There was little evidence that that the association between intervention and mammography uptake varied by source outcome (medical records or self-reported) (Figure s1B in File S1) or by location (urban or rural) ( Figure s1C in File S1). When intervention type, follow-up group and source outcome were included as covariates in a meta-regression analysis, heterogeneity remained substantial (I 2 = 89.2%). We found little effect on pooled risk difference whether mammography was free or not ( Figure s1D 
Risk of bias
The outcome of the risk of bias assessment is shown in Table 5 . Two studies were assessed as having a high risk of bias in the random sequence generation [29, 33] . Four studies were considered to have a high risk of bias for allocation concealment [31, [33] [34] [35] and one further study had a high risk of bias in the second stage of their two-stage study design [27] . The risk of bias from not blinding trial personnel or outcome assessors was low/unclear in all studies. Four studies were assessed has having a high risk of bias for addressing incomplete outcome data [25, 28, 32, 36] , three of those [28, 32, 36] did not use intention to treat analysis and in the other study there was unequal loss to follow-up [25] . Using metaregression, there was little evidence that the association between intervention and mammography uptake varied by risk of bias classification (low, unclear or high) for random sequence generation (F ratio = 0.12, p = 0.89), allocation concealment (F ratio = 1.36, p = 0.27) or incomplete outcome data (F ratio = 1.22, p = 0.31).
Publication bias
The Egger test showed evidence of small study bias (bias = 2.61, p = 0.001) but this test was skewed by the two comparisons from a very large study [23] . Having omitted these, there was little evidence for a small study bias with the funnel plot (Figure s2A 
Time lag bias
We recorded the time lag between the end of the intervention period and the date of publication and this was classified into #4 years and .4 years. For seven studies this could not be determined. There was weak evidence that a shorter time lag was associated with a stronger association between intervention and mammography uptake (F ratio = 2.94, p = 0.10; Figure s2C in File S1), indicating that studies showing a strong effect tend to be published sooner.
Sensitivity Analyses
Omitting one large study [23] had little effect on the associations between intervention and mammography uptake (data not shown). Apart from one [24] where participants were from primary care in Chile, all the trials were conducted in the US. Having omitted that, the overall pooled analysis showed that interventions increased the uptake of mammography in lowincome women by a difference of 5.6% (CI 4.3 to 6.0%) compared with women in the control group. There was now stronger evidence that the association between intervention and mammography uptake varied by intervention type (F ratio = 4.07, p = 0.03). Again, the association was stronger for multi-component compared with simple interventions (F ratio = 8.13, p = 0.01).
Including intervention type, follow-up group and source outcome as covariates in a meta-regression analysis, the heterogeneity was now reduced to a moderate level (I 2 = 61.2%). There was little effect on the other analyses (data not shown). Omitting the studies with a high risk of bias for either random sequence generation or allocation concealment or incomplete outcome data had little effect on the analyses (data not shown).
Discussion
The results of these meta-analyses showed that interventions can increase the uptake of mammography in low-income women. There was weak evidence that this association varied by type of intervention. This effect was driven by the largest effect of intervention in the multiple group (comparing multiple to simple intervention). Indeed, 'face to face' interventions were no more effective than simple interventions in increasing mammography uptake in low-income women. There was weak evidence to suggest that the associations were stronger in studies with a shorter length of follow-up. There was little evidence that the association between intervention and mammography uptake varied by source outcome (medical records or self-reported), location (urban or rural), whether mammography was free or not, whether control was usual care or not or by level of randomisation.
Explanation of findings
Multiple interventions showed the largest difference between intervention and control groups (20.7%). This is consistent with the findings of Legler [15] , where multiple interventions were also reported as the most effective strategy, leading to a 27% increase in uptake of mammography. In their review [15] , multiple interventions included access-enhancing interventions (e.g. free onsite mammography) which alone led to a 19% increase in mammography uptake. In our review, only one study [37] trialled an access-enhancing intervention alone (free onsite mammography) and was classified as a simple intervention. In the review by Bailey [16] , peer educators ('face to face'), access-enhancing and multiple interventions were effective in increasing screenings. However, since they did not undertake a meta-analysis [16] , they could not determine which was the most effective strategy.
In our study, the most effective multi-strategy study reported a 64% difference between the control and intervention group and included a mail, phone call and home visit [24] . The home visit was undertaken if a phone was not available or if the participants had not made an appointment for a mammogram within an extra four weeks from the previous contact. The more effective multistrategy studies tended to include 'face to face' interventions (e.g. [24, 31] ), although not always (e.g. [28] ). One study [28] combined two simple interventions to produce six magazines that contained both generic breast cancer knowledge and culturally tailored information and reported a 21% difference between the control and intervention group. Furthermore, effective multi-strategy interventions gave similar differences between the control and intervention group whether the 'face to face' components were intensive (33%; four lay health adviser sessions; [31] ) or not (39%; a one hour session; [37] ). This has implications for the cost- effectiveness of the interventions [38, 39] , home visits being a costly strategy [40] . More studies are needed to determine which interventions are most cost-effective [15] . One meta-analysis on mammography interventions (albeit not restricted to low-income women) which undertook a cost-effectiveness analysis [39] found that when a phone number was available, a letter plus telephone call intervention was more cost-effective than a two letter intervention.
Given that a recent review found good evidence to support the continuation of population-based mammography screening in the UK [41] , it is vital that this service is equally accessible to all women, irrespective of income, ethnicity and socio-economic position. A systematic review and meta-analysis of interventions to increase the uptake of mammography in population based screening programs was undertaken by The Cochrane Collaboration [40] . They found that effective strategies for increasing uptake of mammography were letters of invitation, a phone call or a combination of a letter and phone call. Home visits interventions were no more effective than the control group treatment. The findings of this review are based on studies of low-income women. In our review, multiple interventions were the most effective strategy but simple interventions (letter or phone call) or 'face to face' interventions were more effective than the control group treatment. Interventions based on such strategies are required to reduce inequalities in uptake of mammography screening in the UK. Apart from the study from Chile [24] , all studies were carried out in the US, limiting the generalisability of the results to other settings. The US healthcare system is based on private insurance, supplemented by Medicare for over 65 s. In contrast, healthcare in the UK remains free at the point of service. It is therefore likely that cost is more of a barrier for low-income women to attend mammography in the US compared to other countries. Nevertheless, opportunity costs are important to consider, even in health care settings such as the UK's National Health Service. Women who are paid a wage (e.g. by the hour) incur a higher personal cost through loss of income than salaried women.
We were unable to test empirically whether similar effect sizes would be found in countries with free mammography. The largest effect sizes in the current study were from the only non-US study, based in Chile [24] , where free mammography has been provided since 2005. Further research is required in countries other than in the US. There is limited evidence from other countries with population-based screening programs regarding interventions which improve mammography uptake. For example, in the UK, training activities plus reminder letters or phone calls increased the uptake of mammography in one population-based study by an additional 5% [42] but in another such study using a 'face to face' intervention, results were consistent with chance [43] . In Australia, where mammography screening is free for women aged 50-69 years, a population based RCT found that a multi-component strategy of letter plus phone increased the uptake of mammography by an additional 6% [39] . However, it must be remembered that these total-population approaches do not necessarily improve uptake equally and can indeed increase inequalities while improving uptake overall. A 'face to face' intervention was not an effective strategy for promoting uptake in mammography by Asian women in the UK [44] . A letter from the general practitioner did not improve uptake of mammography in an area of high deprivation in the UK [45] .
A meta-analysis of interventions to promote mammography among ethnic minority women in the US, found that accessenhancing interventions were the most effective [46] . In the majority of studies in our review, a significant proportion of women who participated were of African-American ethnicity. Hence the results might not be immediately applicable to women from other ethnic minorities in the US. However, in the study to increase mammography use by Korean American women [37] , Figure 2 . Meta-analysis of the association between intervention and mammography uptake in low income women. doi:10.1371/journal.pone.0055574.g002 the multi-strategy intervention reported a 39% difference between the control and intervention group. Successful interventions are likely to be context-specific, hence 'face to face' interventions were effective in Hispanic women along the U.S.-Mexico border (15%) [33] but such interventions were less effective in Filipino American women (2%) [34] . Nevertheless, the data presented in this review can be drawn on for the development of suitable interventions in settings other than those described here.
There was little evidence that the association between intervention and mammography uptake varied by risk of bias classification. We also undertook sensitivity analysis and omitted those studies with a high risk of bias for either random sequence generation, or allocation concealment or incomplete outcome data domains. This had little effect on the associations, suggesting that the reliability of the results is not unduly affected by the quality of the included studies.
Heterogeneity
Due to the expected heterogeneity in the effects of interventions, we performed random effects meta-analyses chosen a priori. We examined potential sources of heterogeneity, an important component of carrying out a meta-analysis [47] . The variables investigated were type of intervention, length of follow-up, location and source outcome (medical records versus self-reported). Women tend to over-report their participation in mammography screening [48] . In addition, we examined potential sources for heterogeneity whether the control was usual care or not, whether mammography was free or not and by the level of randomisation. Whilst there was weak evidence that the association between intervention and mammography uptake varied by type of intervention, there was little evidence that the association varied by other covariates. Several of the estimates of I 2 calculated in metaanalyses are considered as moderate (e.g. 'face to face' I 2 = 57.9%) to high (e.g. simple I 2 = 91.4%). In addition to the characteristics investigated, it is possible that other factors might vary by study context, for example ethnic diversity, type of 'face to face' intervention and whether the letter was systemdirected or individual directed [49] and could result in heterogeneity. Another option for investigating heterogeneity is the quality effects model [50] . For this a quality score is required. However, the use of scales for assessing quality is discouraged in Cochrane Reviews since it involves assigning weights to different items in the scale and it is difficult to justify the weights assigned [21] . Indeed, the influence of quality is best done using sensitivity analyses [47] as we did in the current study for example by omitting studies with a high risk of bias.
Strength and Limitations
This large scale systematic review and meta-analysis looking into the effectiveness of interventions used to increase uptake of mammography amongst low-income women includes data from 21 published studies and including 33 datasets. We have tested a priori hypotheses and have assessed the quality of each included study. We have thus aimed to minimise a range of biases including selection bias. We also undertook a series of sensitivity analyses, including omitting those studies with a high risk of bias for random sequence generation, allocation concealment or incomplete outcome data. Since we searched only for published articles, there is the possibility of publication bias. Although this was a large systematic review and meta- Table 4 . Results from overall and stratified random effects meta-analyses for the associations between intervention and mammography uptake in low income women. analysis, we might still have been underpowered for the subgroup analyses, meta-regression and publication bias. Hence whilst the funnel plots and formal tests for publication bias gave no strong evidence for publication bias, these need to be interpreted with caution. All of the studies included in the review had a short length of follow-up. It is unclear whether our findings would be maintained over the medium term. This is supported by the suggestion from our data that the associations were stronger in studies with a shorter length of follow-up. Furthermore, apart from one study, all of the studies were conducted in the US and hence the applicability of these results to other countries may be limited.
In conclusion this paper found multiple interventions were the most effective strategy in increasing uptake of mammog- Possible differential completeness of outcome assessment as self-reported mammograms. Accounted for clustering by housing complex in analysis.
*Low for low risk of bias, high for high risk of bias and unclear for risk unclear.
{ Assessment of whether method used to generate the allocation sequence should produce comparable groups.
{
Assessment of whether allocation could have been foreseen in advance of enrolment by participants or recruitment personnel. V Assessment of whether knowledge of the allocated intervention was adequately prevented during the study.
{{
Assessment of whether incomplete outcome data were adequately dealt with, including assessment of attrition rates in included studies. J State any important concerns about bias not addressed in the other domains in the tool. doi:10.1371/journal.pone.0055574.t005 raphy in low-income women. The limited evidence from this review does not allow clear recommendations for practice to be made. The cost-effectiveness of interventions needs to be estimated before recommending which interventions could be used to reduce inequalities in mammography uptake. Further research is required in countries other than the US.
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